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| Ariel-Ann Lyons, MPH, Jungwee Park, PhD, and Connie H. Nelson, PhD, Further contradictory findings from an analysis of the Third National Health and Nutrition Examination Survey demonstrated that younger girls (aged 2 to 7 years) from all racial/ethnic groups who lived in foodinsufficient households were at lower risk of being overweight than were younger girls who lived in food-sufficient households, whereas the opposite pattern was found among older (aged 8 to 16 years) non-Hispanic White girls. 15 It is clear from the discrepancies just described that differences between studies in measurements of food insecurity and food insufficiency, definitions of overweight and obesity, and choices of confounding variables result in both confusion and complexity in terms of delineating the relationship between food insecurity and BMI.
The majority of previous research has relied on self-reported measures of height and weight to examine BMI and food insecurity. 3, 14, 15, 20, 22 To our knowledge, no research in Canada to date has employed national data on measured height and weight to examine the relationship between food insecurity and obesity. Recent trends show that rates of obesity are higher when measured data on height and weight are used in calculating obesity than when self-reported height and weight are used. 23 In addition, associations derived from most previous research involving selfreports (the Townsend et al. 16 study is an exception) do not account for underreporting of weight or overreporting of height.
Given the potential consequences of both food insecurity and obesity on individual health and related health care system costs, it is important to understand how obesity relates to food insecurity. Therefore, we sought to provide a unique look at the association between obesity and food security by assessing data on measured height and weight as well as comparative data on self-reported height and weight.
METHODS

Data Sources
Data were derived from the Canadian Community Health Survey (CCHS), cycle 1.1 (CCHS 1.1; -2001 and cycle 2.2 (CCHS 2.2; 2004). CCHS 1.1 was a general health survey of 135 535 individuals aged 12 years or older who were living in private Food security is recognized as an important determinant of health, 1, 2 and both food insecurity and obesity are emerging public health concerns. The relationships among inadequate nutrient intake, poor health, and food insecurity are well established in the literature. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] However, an evolving body of research investigating the association between body mass index (BMI; weight in kilograms divided by height in meters squared)-obesity in particular-and food insecurity has revealed contradictory findings in Canada, the United States, and other countries. 2, 8, 12, [20] [21] [22] For example, an analysis of 1998-1999 Canadian National Population Health Survey data revealed that residents of food-insecure households were 1.5 times more likely than residents of food-secure households to be obese (i.e., BMI ≥30 kg/m 2 ) when age, gender, and income were taken into account. 3 By contrast, in a later examination of food insufficiency, Vozoris and Tarasuk, 17 using data from the 1996-1997 version of the same Canadian survey, found no significant association between household food insufficiency and BMI among female respondents and significantly decreased odds of overweight (i.e., BMI of 25.0-29.9) among male respondents after they controlled for age, education, and income adequacy.
Similarly conflicting findings have been uncovered in US studies. For instance, research involving a representative sample of US households revealed that, among female respondents, food insecurity was positively associated with being overweight. 16 This finding was supported by another US study showing that women in food-insufficient households were more likely than women in food-sufficient households to be overweight and to consume poor diets. 21 Conversely, in a study of adults residing in 2 US states, Laraia et al. concluded that there was no association between overweight and obesity with concerns about food sufficiency after they controlled for education, income, race/ethnicity, marital status, and general health. 22 households; residents of Indian reserves, Canadian Armed Forces bases, health care institutions, and some remote areas were excluded. The overall response rate was 85%.
In this analysis, we excluded information from the 3 Canadian territories so that the data would be comparable with CCHS 2.2 data; as a result, the sample was reduced to 128 500 individuals. CCHS 2.2, a survey involving 35 107 individuals of all ages, was specifically designed to gather information about the nutritional status of the Canadian population. It did not include residents of the 3 Canadian territories, Indian reserves, and some remote areas or regular members of the Canadian Armed Forces. The overall response rate was 77%. In an effort to ensure that the data were comparable with those of CCHS 1.1, we included only people aged 12 years or older with measured height and weight information, which reduced the total to 16 527 individuals. Table 1 presents weighted distributions of sample characteristics for CCHS 1.1 and CCHS 2.2.
Measurement of Obesity
BMI was used in calculating obesity. In CCHS 1.1, self-reported height and weight data were collected from all survey respondents. In CCHS 2.2, height and weight measurements were conducted for 62% of survey respondents aged 12 years or older. With a special sample weight applied, the estimates for this group represented the Canadian population.
We used these data to calculate BMIs for all respondents aged 12 years or older, excluding pregnant respondents. A BMI cutoff of 30 kg/m 2 was used to classify adults (aged 18 years or older) as obese, in accord with the health risks associated with classification in this BMI category. 25 Because there is uncertainty regarding the BMI levels associated with health risks at younger ages, we used the age-and gender-specific cutoff points defined by Cole et al. 26 to classify obesity among youths aged 12 to 17 years. Midyear age points were assigned to all reported years of age (e.g., 15.5 for 15-year-olds).
Measurement of Food Insecurity
We formulated 3 different models of food insecurity in an effort to provide an enhanced understanding of the relationship between food insecurity and obesity when self-reported data on height and weight are used as well as when measured height and weight data are used.
Dimensional model of food insecurity. In CCHS 1.1, food insecurity was determined with 3 questions. Respondents were asked how often, in the past 12 months, they or anyone else in their household (1) were concerned that there would not be enough to eat because of a lack of money, (2) did not have enough food to eat because of a lack of  RESEARCH AND PRACTICE  money, or (3) did not eat the quality or variety of foods that they wanted to eat because of a lack of money. Response options for the 3 questions were "often true," "sometimes true," and "never true."
The definition of food insecurity was subsequently refined via modification of the 3 questions just described. 3, 4 We used this adaptation (relating to CCHS 1.1 only) to identify 3 dimensions of food insecurity for this study. Respondents who replied affirmatively (i.e., "often true" or "sometimes true") to the first question were considered to have food anxiety, and those who replied negatively (never true) were considered to have no food anxiety. Respondents who replied affirmatively to the second question were considered to be experiencing food poverty, and those who replied negatively were classified as not experiencing food poverty. Finally, respondents who replied affirmatively to the third question were considered to have compromised diets, whereas those who replied negatively were considered to not have compromised diets.
In CCHS 2.2, food insecurity was determined through a more elaborate probing process based on 18 questions that assessed overall household food security on a continuous linear scale referred to as the Food Security Module, adopted from the United States Department of Agriculture model of food security. 27 The first 3 questions of the Food Security Module were used to develop 3 dimensions of food insecurity comparable to those delineated in CCHS 1.1. Respondents were asked whether, in the past 12 months, (1) they or other household members worried that food would run out before they got money to buy more; (2) the food that they and other household members bought didn't last, and there wasn't any money to get more; and (3) they or other household members couldn't afford to eat balanced meals. Again, response options for the 3 questions were "often true," "sometimes true," and "never true."
We used the following parameters to define the 3 dimensions of food insecurity relating to CCHS 2.2: respondents who replied affirmatively (i.e., "often true" or "sometimes true") to the first question were considered to have food anxiety; respondents who replied affirmatively to the second question were considered to be in a state of food poverty; and respondents who replied affirmatively to the third question were considered to have compromised diets. Similar percentages of respondents answered affirmatively to at least 1 of the 3 questions in each of the 2 surveys: 14.6% in CCHS 1.1 and 12.1% in CCHS 2.2.
Levels model of food insecurity. Collectively, the 18 Food Security Module questions used in CCHS 2.2 represent a more sensitive measure of food insecurity than the dimensional model with its discrete categories. The Food Security Module includes questions that provide a unique look at how food decisions involving children relate to different degrees of food insecurity and more in-depth insights into the severity of food insecurity. The instrument can be used to determine household food security status through coding responses to each question. Here we coded responses such as "yes," "often true," and "almost every month" as 1 ("affirmative") and responses such as "no" and "never true" as 0 ("negative"). Resulting Food Security Module scale values ranged from 0 to 18 for households with children and from 0 to 10 for households without children. In our analysis, we classified Food Security Module scores into 4 household food security status groups, as follows. 27 • Food secure: These households showed no or minimal evidence of food insecurity (Food Security Module score of 0-2). • Food insecure without hunger: Food insecurity was evident in household members' concerns about the adequacy of their food supply and in adjustments to household food management, including reduced quality of food and increased atypical coping patterns. Little or no reduction in household members' food intake was reported (Food Security Module scores of 3-7 for households with children and 3-5 for households without children). • Food insecure with mild hunger: Food intakes for adult household members were reduced to an extent implying that these individuals had repeatedly experienced the physical sensation of hunger. In most (but not all) food-insecure households with children, such reductions are not observed among children at this stage (Food Security Module scores of 8-12 for households with children and 6-8 for households without children). • Food insecure with severe hunger: These households reduced children's food intake to an extent that the children experienced hunger. Adults in households both with and without children repeatedly experienced more-extensive reductions in food intakes (Food Security Module scores of 13-18 for households with children and 9-10 for households without children).
Overall food insecurity model. In CCHS 1.1, respondents who replied "often" or "sometimes" to at least 1 question were considered to have experienced food insecurity. Therefore, those who replied "never" to all 3 questions were categorized as food secure. In CCHS 2.2, respondents whose Food Security Module scores were greater than 2 were considered to reside in food-insecure households.
Sociodemographic Variables
Household income was defined according to total income from all sources in the 12month period before the survey. Educational level was grouped into 4 categories: less than high school, high school, some post-high school education, and college degree. Marital status was classified as (1) single or never married; (2) divorced, separated, or widowed; or (3) married or in a common-law relationship.
Ethnicity was grouped into 4 categories (White, Aboriginal, Black, or other) on the basis of responses to a question on ethnic/ racial origin. On the basis of Statistics Canada's geographical classifications for the 1996 census, area of residence was categorized as urban or rural. We defined urban areas as those with a minimum population of 1000 residents and a population density of 400 or more people per square kilometer. Areas that did not meet these criteria were classified as rural.
Data Analysis
We used weighted cross-tabulations to estimate obesity prevalence rates for all 3 models of food insecurity. Also, we conducted multivariate logistic regression analyses to determine the odds of being obese for individuals living in households characterized as food insecure. We controlled for confounding effects by including sociodemographic variables in 
RESULTS
In comparisons involving the dimensional model of food insecurity, obesity prevalence rates were significantly higher among individuals living in households with any of the dimensions of food insecurity-food anxiety, compromised diets, or food poverty-than among the overall study population when self-reported height and weight data were used ( Table 2 ). Conversely, rates were not different on any of these dimensions when measured height and weight data were used. In an attempt to gain a more sensitive perspective on relationships between obesity and severity of food insecurity according to measured height and weight, we conducted additional analyses using the levels model of food insecurity but were able to do so only for the CCHS 2.2 data. The results of these analyses showed a significant association between obesity and food insecurity with mild hunger.
Further gender-specific analyses using the overall food insecurity model classifications demonstrated that rates of obesity were significantly higher among respondents who were food insecure than among respondents who were food secure when self-reported height and weight data from CCHS 1.1 were used (Figure 1 ). However, when measured height and weight data from CCHS 2.2 were used to determine obesity, there were no significant differences in obesity according to food security status for either male or female respondents. These results are consistent with those shown in Table 2 . The data in Figure 1 were based on the overall food insecurity model, and thus, food insecurity status reflected all 18 Food Security Module questions. In other words, the lack of association between food insecurity and obesity when measured data were used did not appear to be explained by the decision to use only 3 questions of the Food Security Module.
We further examined the association between obesity and overall food insecurity and dimensions and levels of food insecurity for both self-reported height and weight and measured height and weight while controlling for sociodemographic variables such as household income, education, ethnicity, marital status, and area of residence ( Table 3 ). The overall association between food insecurity and obesity was significant for both male and female respondents in the case of selfreported but not measured data. No significant association between any dimension of food insecurity and obesity was evident among men when either self-reported or measured data were used.
Among female respondents, no specific dimension of food insecurity was associated with obesity when measured height and weight were used. However, in general, higher odds of obesity were found among female respondents when self-reported height and weight were used. Specifically, when self-reported data on height and weight were used, female respondents who had a compromised diet or were experiencing food poverty were more likely to be classified as obese.
When we used the levels model of food insecurity, we obtained quite different results for obesity among female respondents. Interestingly, when measured height and weight were used, female respondents living in households classified as food insecure with mild hunger were almost 3 times more likely to be obese than were female respondents living in food-secure households. Household food insecurity in the absence of hunger or severe hunger was not associated with obesity among female respondents.
DISCUSSION
The fact that CCHS 1.1 and CCHS 2.2 did not include homeless people or Aboriginal peoples living on Indian reserves may have been problematic, given that they tend to be at higher risk of food insecurity and obesity than other groups. 4, 13, 24 Furthermore, because analyses were based on cross-sectional data, no conclusions about cause-and-effect relationships can be made.
Previous research has shown that different instruments used to measure food insecurity can affect the relationship between food insecurity and obesity. 20, 23 Although there may be some justification for caution because of the use of different instruments to measure food insecurity in CCHS 1.1 and CCHS 2.2, we attempted to compensate for this limitation through the use of 3 different models of food insecurity to add clarity and strength to our conclusions.
Our comparative analysis between selfreported height and weight data from CCHS 1.1 and measured height and weight data from CCHS 2.2 provides new and meaningful information on the association between obesity and food insecurity. When self-reported height and weight were used, prevalence rates of obesity were significantly higher among food-insecure male and female respondents than among food-secure male and female respondents; by contrast, when measured height and weight were used, there were no significant differences between the 2 groups. Although the questions used to measure food insecurity in CCHS 1.1 and 2.2 were similar, differences in wording may have contributed to varied interpretations by participants, altering some of our results. However, when Rowland's equations 30 were used to adjust the self-reported data from CCHS 1.1 to allow estimates of measured data from CCHS 2.2, associations between obesity and food insecurity appeared to be generally consistent in the 2 surveys (data not shown).
Although the sample sizes for most of our models were sufficiently large, those for household insecurity with severe hunger in the food security levels model had a relatively small sample (n = 170). This may have resulted in a failure to achieve statistically significant findings that would have emerged had the sample been larger.
Previous research has shown that selfreported height and weight data are unreliable. 31 Moreover, studies have consistently shown that women underestimate their weight to a greater extent than do men and that discrepancies in self-reported weight are greater among overweight and obese individuals (again, more so for women). 30, 31 For example, Bostrom and Diderichsen 31 found that when self-reported height and weight were used to determine BMI, overall, 81% of men and 78% of women were classified accurately, as compared with only 61% of obese men and 55% of obese women. This suggests that individuals, especially women, who are classified as obese according to measured height and weight may be classified as simply overweight or even as normal weight if selfreported height and weight are used. As a result of such discrepancies, the relationship between obesity and food insecurity observed when self-reported data are used may in fact represent a relationship between food insecurity and severe or morbid obesity.
Regardless of whether food insecurity was measured using 1 of the dimensions of food anxiety or compromised diet or the more extreme situation of food poverty, obesity prevalence rates were significantly higher among food-insecure individuals than among those who were food secure when self-reported data were used. When measured height and weight were used, most significant differences between food insecurity and obesity disappeared, but a more in-depth examination of the levels model reveals that female respondents who were food insecure with mild hunger were almost 3 times more likely to be obese than were female respondents living in households without food insecurity. This demonstrates the intricate effects of food insecurity on food consumption patterns. The reason that the outcome just described was significant only among women may be that women are more likely than men to be "emotional eaters," under stress, consuming increased amounts of sweet, fatty, and energydense foods. 32 Furthermore, the finding that mild stress may be associated with increased eating and severe stress with decreased consumption might explain why obesity is more prevalent among those in households at mild hunger levels. 13, 17, 33, 34 In contrast to the female respondents, the male respondents in food-secure households were no more likely than were male respondents in food-insecure households to be obese when measured height and weight were used. Moreover, obesity among male respondents was not associated with any dimension of food insecurity even when selfreported height and weight were used. This finding may support evidence showing that food insecurity is experienced differently by different members of a household. 35 Nutrient intake studies have shown that women may be the first to compromise their diet when the household is food insecure. 6, 10 Also, research has shown that food insufficiency is associated with the consumption of fewer than 5 fruits or vegetables per day among women. 36 As a household's concerns about food adequacy escalate, adjustments to food management take place, such as reduced quality of food purchased. One hypothesis suggests that decreased food purchasing power results in the purchasing of energy-dense foods and thus increased energy intakes. 37 If a woman is more likely to compromise her own nutrient intake for the sake of other household members, then she may become more vulnerable to consumption of energy-dense, nutrientpoor foods and hence obesity. Moreover, these consumption patterns may be transferred to other family members. 38 Child welfare laws may further contribute to women decreasing their food intake to ensure that their children's food intakes are adequate, given that insufficient diets among children may suggest parental neglect. 39  RESEARCH AND PRACTICE  Until further research is completed, associations between obesity and food insecurity should be cautiously interpreted. All of the instruments used to measure food security status have changed over time, and to date, they have neglected to describe frequencies and durations of food insecurity, which are both likely to influence BMIs. 40 Moreover, no tool has been validated to measure food security among Aboriginal populations in Canada. 41 Various types of geographical and cultural differences exist and should be recognized and considered in measurements of food security.
The present results substantiate the need for further research that would provide a better understanding of how health is influenced by the association between BMI and food insecurity. Our findings suggest that a more rigorous instrument needs to be developed to measure food insecurity in unison with measured height and weight. Furthermore, longitudinal studies incorporating consistent measures of food security would aid in delineating the association between obesity and food insecurity. 15, 40 
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